INTRODUCTION
Maternal mental health may be an important risk factor for the development of asthma and/or allergy in children. [1] [2] [3] [4] For example, a cross-sectional study comparing asthmatic and nonasthmatic children aged 2 to 11 years found a significant positive relationship between concurrent maternal depression and childhood asthma. 1 In a longitudinal birth cohort study, mothers who self-reported anxiety during pregnancy were more likely to have children who developed asthma by the age of 7 years. 2 Furthermore, stress reported during pregnancy exacerbated the effects of traffic-related air pollution on asthma-related outcomes in children. 5 These findings suggest that the prenatal period may be a time when children are particularly susceptible to asthma-related risks.
Previous research on prenatal environmental exposures, including stress, on asthma-related outcomes in childhood has neglected to consider the development of specific wheeze phenotypes. Although respiratory symptoms such as wheeze emerge during infancy and early childhood, the triggers that induce transient, late-onset, vs persistent wheeze are not clearly understood. 6 -8 Experimental studies have suggested that stress-induced production of proallergic cytokines during pregnancy, possibly associated with transplacental passage to the fetus, may operate as an underlying mechanism that promotes T H 2 proinflammation. 9 -14 To date, the association between maternal mental health, specifically during pregnancy, and childhood seroatopy has not been determined.
Inner-city, minority populations face multiple stressors that may provoke anxiety, depression, and stress. [15] [16] [17] Such populations also report higher rates of asthma compared with other racial groups. 18, 19 However, the association between impaired maternal mental health and asthma among these disadvantaged groups has not been explored. In addition, tools that assess maternal distress within inner-city, minority populations have also not been well tested. Our approach was to assess prospectively links between prenatal maternal demoralization and childhood asthma-related symptoms, using the Psychiatric Epidemiology Research Instrument-Demoralization (PERI-D) scale. Demoralization denotes nonspecific psychological distress, with high demoralization indicating an individual's inability to cope with stressful situations. 20, 21 The scale is a validated indicator of emotional well-being and burden of stress among minority and immigrant populations. 22, 23 Children from a New York City cohort of African American and Dominican families were assessed during the first 5 years of life for risk of childhood asthma-related symptoms, including specific wheeze phenotypes and IgE levels. We hypothesized that prenatal demoralization would be associated positively with (1) persistent childhood wheeze through the age of 5 years and/or (2) elevated IgE, after controlling for potential confounders and covariates.
METHODS

Participants
All participants are part of an ongoing birth cohort study being conducted by the Columbia Center for Children's Environmental Health (CCCEH). Self-identified African American and Dominican women residing in Washington Heights, Harlem, and the Bronx in New York City were recruited during pregnancy from 1998 through 2006 and delivered at New York Presbyterian Hospital or Harlem Hospital Center; as described previously, atopy or asthma predisposition was not a selection criterion. 24 -26 Written informed consent was obtained from all study participants, and institutional review board approvals were obtained.
Home and/or office visits were conducted during the third trimester of pregnancy and when the child was 6 months and 1, 2, 3, and 5 years of age. At each visit, a bilingual (English and Spanish) research worker interviewed the participants about sociodemographic and demographic information, residential history, living conditions during the current pregnancy (including housing quality and material hardship), history of exposure to active and passive smoking, alcohol, and drugs.
Maternal Demoralization
Maternal demoralization was measured by the 27-item PERI-D scale at every visit (5 repeated measures). The PERI-D is a composite of 8 domains (perceived physical health, sadness, poor self-esteem, dread, anxiety, confused thinking, hopelessness/helplessness, and psychophysiological symptoms) encompassing the single construct of demoralization. 21, 27 Each question was rated on a 5-point Likert scale (scored 0 to 4), where a higher score indicated greater psychological distress, and queried about symptoms within the last year. Developed for epidemiologic research in community samples and validated in a New York City sample, the PERI-D demonstrates adequate internal consistency in minority and Spanish-speaking immigrant populations (Cronbach ␣ of 0.91 for African Americans, 0.93 for Englishspeaking Mexican Americans, and 0.95 for Spanish-speaking Mexican Americans). 22, 27 Pearson correlations of the PERI-D with the Center for Epidemiologic Studies-Depression scale and the Bradburn Negative Affect Scale were 0.69 and 0.63 in African Americans, 0.66 and 0.61 in English-speaking Mexican Americans, and 0.85 and 0.63 in Spanish-speaking Mexican Americans, respectively.
Wheeze and IgE
A short questionnaire was administered every 3 months after the birth of the child through 2 years of age and every 6 months thereafter. The questionnaires asked the mother/caregiver about the child's respiratory symptoms and illnesses in the previous 3 months. A binary (yes/no) variable was derived from the question, "In the last 3 months has your child had wheezing or whistling in the chest?" The outcome, wheeze, was determined at 14 time points (3, 6, 9, 12, 15, 18, 21, 24, 30, 36, 42, 48, 54 , and 60 months).
Transient wheezers were defined as those children with 1 or more reports of wheeze from 3 to 30 months of age and no reports of wheeze from 3 to 5 years of age. Late-onset wheezers were defined as those children with no reports of wheeze between 3 and 30 months of age and at least 1 report of wheeze from 3 to 5 years. The persistent wheeze group had at least 1 report of wheeze between 3 and 30 months of age and at least 1 report of wheeze from 3 to 5 years, as described. 8 Umbilical cord blood samples were collected at delivery, and serum blood samples were collected at ages 2, 3, and 5 years. Total IgE was measured either by immunoradiometric assay (Diagnostics Products Corp, Los Angeles, California) or ImmunoCAP (Phadia, Uppsala, Sweden). 28, 29 Anticockroach, antimouse, and anti-Dermatophagoides farinae IgE levels were measured in duplicate using the fluorescence allergosorbent test (Bio Whittaker, Walkersville, Maryland) until August 2002. Subsequently, all samples (including all 5-year-old samples) were measured by ImmunoCAP. During the transition between these validated methods, a subset of samples was analyzed using both methods and demonstrated agreement. 28 Covariates Exposure to secondary smoke was ascertained by maternal interview at each visit. A binary variable was derived from the question, "Has your child been exposed in your home/ apartment or outside of your home/apartment (once or more a month) to smoke from cigarettes, pipes, marijuana, or cigars?" Children exposed to smoke either prenatally or postnatally were classified as exposed to secondary smoke. Maternal report of physician-diagnosed asthma in the mother (past and current) was assessed in the prenatal, 3-and 6-month, and 1-, 2-, and 3-year questionnaires. Mothers were classified as asthmatic if they reported a history of asthma on any questionnaire. At delivery, maternal blood samples were collected and serum was measured as described above. A variable indicating cold or influenza (flu) season, previously associated with transient wheeze in this cohort, was constructed as described by Patel et al. 30 
Statistical Analysis
To assess the stability of maternal distress during a 5-year period, nonparametric correlations were calculated among maternal demoralization scores (continuous variables) measured prenatally and postnatally. Participants who scored high in prenatal demoralization (predetermined cut point of Ͼ1.55) vs low were compared on the covariates or confounders used in the analysis to assess factors of distress. 31 For maternal IgE, a binary variable was computed using a cut point of greater than 100 IU IgE/mL for high values. 32 Symptoms were categorized as being within the cold and flu season if most of the interval (Ͼ45 days) queried fell between September 1 and March 31, as described. 30 For total IgE, the values within the upper 25% (sensitization) of the distribution were compared with the values within the lower 75% of the distribution (no sensitization). 29 Any sensitization (values Ͼ0.35 IU/mL) of specific IgE to cockroach, dust mite, and mouse allergen, measured at the ages of 2, 3, and 5 years, was compared to no sensitization. 28, 33 Logistic regression with generalized estimating equations was used to model the effects of prenatal demoralization (continuous variable) on wheeze (yes/no) and child IgE (total and specific) sensitization; the parameters were the logit link function and the exchangeable correlation matrix. In assessing the relationship between prenatal demoralization and total IgE, 4 time points were modeled (birth and 2, 3, and 5 years). For any specific IgE, 3 time points were modeled (2, 3, and 5 years). Age of the child (in months) at the time of questionnaire/sample collection was the clustering variable for all generalized estimating equation analyses. The relationship between prenatal demoralization and wheeze phenotypes (transient, late onset, or persistent) was explored using a multinomial regression.
Covariates in the final model included multiple maternal (prenatal demoralization, age at pregnancy, ethnicity, education, history of asthma, and IgE) and child characteristics (exposure to secondhand smoke, sex, and wheeze reported during the cold and flu season). All statistical tests were 2-sided tests, with P Ͻ .05 considered statistically significant. Data were analyzed using SPSS statistical software, version 18.0 (SPSS Inc, Chicago, Illinois).
RESULTS
Sample Characteristics
Among the 727 fully enrolled participants, 465 had a child who had reached the age of 56 months at the time of analysis and was thus considered eligible. Within those eligible, 279 (ie, 60% of eligible) had complete data for the outcome of wheeze (defined as at least 1 respiratory questionnaire for each year of follow-up through the age of 56 months). Data for total IgE were available for 288 participants (62%) and for specific IgE (ie, sensitization to cockroach, mouse, and/or dust mite) for 294 (63%). Except for maternal ethnicity and education, demographic characteristics for the 279 study participants included in the analysis were similar to those of the remaining 488 subjects in the CCCEH cohort (Table 1) . Participants were predominantly Dominican, with an annual reported income ranging from $10,000 to $30,000, and most had achieved at least a high school diploma. Aproximately 59% (167/279) of mothers reported that their child had wheezed within the first 5 years of life.
PERI-D
In the current sample, the Cronbach coefficient for the prenatal PERI-D was 0.90 for both African Americans and Dominicans, examined separately. Factor analysis of the PERI-D revealed that 32% of the total variance was explained by one component (construct of demoralization), whereas 72.8% of the total variance was explained by 8 components (8 domains of the scale) (data not shown). Prenatal maternal demoralization was associated significantly with postnatal maternal demoralization illustrating that demoralization is a stable trait in this cohort (eTable 1). A total of 81 women (29%) scored high in prenatal demoralization. 31 No significant differences were found in the variables used as covariates or confounders in the women who scored high vs low in prenatal demoralization except for the wheeze phenotypes ( Table 2) .
Association of Prenatal Demoralization With Wheeze and IgE
In the univariate regression model, prenatal demoralization was associated with maternal report of wheeze in the child (Table 3 ). Adjusted analysis showed that the odds ratio (OR) for wheeze in the child was 1.66 (95% confidence interval [CI], 1.29 -2.14) for each additional unit increase in maternal demoralization score. No association was found between prenatal demoralization and total IgE levels in the child in univariate analysis or after adjustment (OR, 1.04; 95% CI, 0.74 -1.45; data not shown). The association between prenatal demoralization and sensitization to any specific indoor allergens (cockroach, dust mite, or mouse) also was not significant after adjustment (OR, 0.96; 95% CI, 0.57-1.60). We tested postnatal demoralization as a covariate in the model to isolate the effects of prenatal demoralization on wheeze; however, the high correlations of maternal demoralization scores over time made separating the influences difficult (eTable 1). 
Associations of Prenatal Demoralization With Wheeze Phenotypes
Mean prenatal demoralization scores were higher among mothers of children with transient and persistent wheeze compared with late-onset wheeze or no reported wheeze (Fig  1) . Mother's demoralization significantly predicted transient and persistent wheeze in the child through the age of 5 years (Table 4 ). In the multivariate model, compared with children with no reported wheeze, each additional unit of maternal prenatal demoralization was associated with an OR of 2.25 (95% CI, 1.34 -3.76) for transient wheeze and an OR of 2.69 (95% CI, 1.52-4.77) for persistent wheeze.
DISCUSSION
In an inner-city, minority population, high levels of prenatal maternal demoralization were associated significantly with subsequent childhood wheeze, after adjustment for multiple maternal variables (age at pregnancy, ethnicity, education, history of asthma, and IgE) and child characteristics (exposure to secondhand smoke, sex, and wheeze reported during the cold and flu season). The substantial effect of maternal demoralization on childhood wheeze is consistent with previous reports of associations between prenatal and postnatal caregiver stress and wheeze in nonminority samples. 3, 4 These novel findings, determined prospectively, underscore the influence of prenatal mental health on asthma-related outcomes among inner-city, minority children.
Our exploration of the impact of maternal demoralization on wheeze phenotypes found a doubling of the OR for transient wheeze with each additional unit on the mother's prenatal demoralization score. We also found an almost 3-fold increase in the OR for persistent wheeze. These findings are consistent with the clinical observation that the phenotypes of transient, late-onset, and persistent wheeze are divergent entities and with distinct pathogeneses. 8, 34, 35 Moreover, prenatal demoralization was predictive of persistent wheeze in the child, a phenotype associated with clinical asthma. Evidence suggests that children with persistent wheeze from an early age use more inhaled bronchodilators and corticosteroids and have a higher prevalence of physician diagnosis of asthma, reduced lung function, elevated serum IgE levels, and atopic dermatitis early in life compared with children with transient or no wheeze, making our findings clinically relevant. 7, 35 The Abbreviations: CI, confidence interval; OR, odds ratio. a For maternal IgE, a cut point of greater than 100 IU IgE/mL was used for analysis, as used previously. longitudinal design of the present study permitted assessment of prenatal demoralization effects on childhood wheeze, showing that maternal demoralization preceded the development of wheeze in the child, thus reducing the potential for reverse causality (ie, having a sick child leads to demoralization in the mother). However, the chronicity of maternal demoralization over time (eTable 1) precluded the testing of hypotheses distinguishing the relative effects of prenatal and postnatal demoralization. Nonetheless, this prospective study suggests that maternal mental health during gestation may be a key determinant in the characterization of specific wheeze phenotypes.
It has been hypothesized that maternal effects of stress on offspring promote a transplacental transfer, or fetal production, of proallergic T H 2 cytokines, which lead to atopy in offspring. 13, 36 The absence of an association between prenatal maternal demoralization and childhood IgE in this study contrasts with previous reports of association of stress, IgE, and cytokine production with childhood wheezing.
11,37 These differences may be due to subject selection and differences in instrumentation. 1, 4 Distinguishing features of this study with the outcome of seroatopy include the novel measurement of maternal nonspecific psychological distress for this minority population and that the selection of our participants was not contingent on parental history of asthma and/or allergy. The failure to find a significant association between prenatal demoralization and IgE may be due to insufficient statistical power to find such an effect in this cohort. Nonetheless, gaps still remain in our understanding of the roles of prenatal cytokine activity and other proallergic immune mechanisms that may explain the reported associations between maternal psychological state and development of atopy and/or asthma symptoms in children. 36 Although almost one-third of the mothers in our cohort scored high for demoralization, we were not able to identify factors explaining the mothers' distress and its relationship to childhood wheeze. Inconsistent with a prior study exploring distress in Anglos, Blacks, and Mexicans, race and education failed to explain maternal demoralization in our cohort ( Table  2) . 38 Moreover, maternal education and mental health have been associated negatively with wheeze but failed to affect the relationship between demoralization and wheeze in this study. 4, 17 Maternal history of asthma has been recognized as a risk factor for asthma and wheeze in children, yet our results indicate that demoralization may predict childhood wheeze despite maternal history of asthma. In addition, exposure to secondhand smoke as determined by questionnaire was not a significant predictor in any of the analyses, inconsistent with previous reports. 39, 40 However, interview during cold and influenza season was a significant predictor of wheeze, as found previously by our group. 30 Nonetheless, season of interview failed to explain the relationship between prenatal demoralization and report of wheeze in the child. Hence, all the covariates used in these analyses failed to affect the relationship between wheeze and maternal demoralization.
Several limitations should be acknowledged. Misclassification of the wheeze outcome could have occurred due to maternal report, missing data, and the inconsistent gaps in follow-up that occur in long-term prospective studies. 7, 8, 34 Furthermore, measures of demoralization have been associated with depression, and mothers with high levels of depression have been shown to be more likely to report illness in their children. 22, 41 Arguably, the absence of an association with the objective IgE measure supports this possibility. Another consideration is whether maternal demoralization might affect the ability to cope and/or manage a child's health. Because of the small sample size, we were unable to control for the effects of viral and other upper respiratory tract infections and other covariates, such as breastfeeding and home endotoxin levels. 39, 42, 43 Furthermore, the study could not distinguish wheezing attributable to inadequate access to health care or compliance with a prescribed medical regimen of anti-inflammatory medications. 44, 45 Reliance of In conclusion, prenatal demoralization was predictive of wheeze among children in this urban cohort, including persistent wheeze. Low-income families experience stressors from multiple sources, such as marital discord, violent disagreements, economic hardship, and neighborhood characteristics that may contribute to a mother's demoralization, leading to adverse health outcomes in children. 15, 25, 46, 47 Investigating the effects of chronic vs transient maternal demoralization throughout early childhood emphasizes the importance of assessing health outcomes in children within a multiple exposure perspective. 15 Understanding how maternal demoralization may influence children's health is an important step in developing effective interventions and alleviating the disproportionate burden of asthma and respiratory illness in urban minority populations. 
